Objectives: In addition to surgery, procedures for patients with pancreatolithiasis are developing; therefore, establishing practical guidelines for the management of pancreatolithiasis is required.
C hronic pancreatitis is a progressive and irreversible disease characterized by recurrent episodes of acute inflammation that causes a gradual decrease of the endocrine and exocrine functions of the pancreas. If pancreatic stones develop during the long clinical course, pancreatic ductal hypertension can cause pain and pseudocysts, thereby further exacerbating the disease condition. Treatment of pancreatic stones is extremely important. The Japanese Society of Gastroenterology published the "Japanese clinical diagnostic criteria for chronic pancreatitis" in 2009, and the Intractable Pancreatic Diseases, supported by the Ministry of Health, Labor, and Welfare of Japan prepared the "Guidelines for the treatment of pancreatolithiasis" in cooperation with the Japan Pancreas Society, and published in 2010 with the aim of detailing the treatment of pancreatolithiasis mainly by endoscopy. However, these guidelines were written in Japanese. Here, we translated it to English and published it as a secondary publication in this journal of "Pancreas." The level of evidence was not very high in papers on the treatment of pancreatic stones, and these guidelines just summarized the consensus of experts. A working group consisting of 9 members of the Guidelines Committee prepared the present guidelines, adopting a formal consensus development method, Delphi method, 1 that is thought to allow experts' opinions to be more objectively reflected. A draft of the guidelines prepared by the Guidelines Committee was reviewed by 3 members of the Evaluation Committee to prepare the final version. The guideline has illustrations of the flow chart of treatment, mainly endoscopy and extracorporeal shock wave lithotripsy (ESWL) (Fig. 1) . It goes without saying that conventional treatment, surgery, should be preferentially used in some patients, and we hope that these guidelines will be used for providing appropriate treatment after a full investigation of the indications. By a curious coincidence, medical insurance coverage of ESWL was finally approved in April 2014. We hope that these guidelines will be useful for the management of chronic pancreatitis in clinical practice.
I. CONCEPT AND PATHOGENESIS
Clinical Question (CQ)-I-1. What Is Pancreatolithiasis?
• Pancreatolithiasis is a pathological condition characterized by the development of stones in the main pancreatic duct or its branches during the course of chronic pancreatitis. Pancreatic stones can lodge in the pancreatic duct causing dilation and tissue pressures resulting in pain.
Description
Chronic pancreatitis is a disease characterized by chronic changes such as irregular fibrosis, cell infiltration and loss of parenchyma occurring diffusely in the pancreas. Chronic pancreatitis is progressive and irreversible, and runs a long clinical course with repeated episodes of acute inflammation resulting in a gradual decrease in endocrine and exocrine function.
2 Pancreatic stones, including protein plugs, which are protein aggregates, and calcified pancreatic stones, formed by crystallization, mainly of calcium carbonate, on a protein core, develop in the main pancreatic duct or its branches during the course of chronic pancreatitis.
3 Pancreatic stones are classified by size into large stones, small stones, or mixed small and large stones, and by distribution into the diffuse and localized types. 4 Small stones are considered to be common in alcoholic pancreatitis, whereas large stones are known to be more common in idiopathic pancreatitis. Pancreatic stones can lodge in the pancreatic duct and cause dilation and tissue pressure resulting in pain, 5, 6 and pseudocyst formation, thereby further exacerbating the pathological condition of chronic pancreatitis.
CQ-I-2. What Are the Clinical Symptoms?
• Pancreatolithiasis causes clinical symptoms, such as intense upper abdominal pain and abdominal tenderness, but some patients have no obvious symptoms.
Description
There are 2 phases of chronic pancreatitis: the "compensatory phase," characterized by recurrent clinical symptoms, such as abdominal pain, back pain, anorexia, nausea/vomiting, diarrhea and weight loss, and the "noncompensatory phase," characterized by mild abdominal pain, but digestion and absorption disorders (exocrine insufficiency), such as steatorrhea, and diarrhea and diabetes (endocrine insufficiency).
2,7 Pancreatolithiasis was previously considered as a feature of the terminal phase of chronic pancreatitis, however, with the recent advances in diagnostic imaging techniques, pancreatic stones have come to be recognized even in the compensatory and transition phases of the disease. Approximately 80% of patients with chronic pancreatitis have abdominal pain, whereas approximately 5% have no abdominal pain (painless).
8 In addition, the initial symptoms and clinical signs of chronic pancreatitis vary according to the cause. 4, 8, 9 It is often difficult to treat pancreatolithiasis, because it is characterized by more severe pain and pancreatic endocrine/exocrine insufficiency as compared to chronic pancreatitis without stones.
CQ-I-3. What Are the Complications?
• Complications of pancreatolithiasis include acute pancreatitis, pancreatic pseudocyst, pancreatic fistula, gastrointestinal obstruction, portal hypertension, obstructive jaundice, digestion and absorption disorders, pancreatic diabetes, hemosuccus pancreaticus, and pancreatic cancer.
Description
There are limited reports on the complications of pancreatolithiasis; however, pancreatic stones themselves are a complication of chronic pancreatitis, and the complications of pancreatolithiasis overlap with those of chronic pancreatitis. The complications of chronic pancreatitis include acute pancreatitis, pancreatic pseudocyst, pancreatic fistula (including pancreatic pleural effusion and ascites), gastrointestinal obstruction, portal hypertension (including portal vein thrombosis), obstructive jaundice, digestion and absorption disorders, pancreatic diabetes, and hemosuccus pancreaticus, 4, 6, 10 all of these complications are also observed in patients with pancreatolithiasis. However, there have been almost (1) Stones in branches associated with stones in the main pancreatic duct can be treated by ESWL. (2) Endoscopic treatment is effective for small stones measuring 5 to 6 mm in diameter or less, floating stones, X-ray-negative stones, and so on, but if it is possible to focus on these stones in pancreatography using an endoscopic nasal pancreatic duct drainage catheter, ESWL should be performed. (3) It the patient has stenosis of the duodenal papilla or stricture of the main pancreatic duct, endoscopic treatment such as dilation should be concurrently used to facilitate stone passage. *Asymptomatic patients should be kept under observation or receive treatment, such as conventional conservative medical treatment. The patients may receive treatment to improve pancreatic functions if pancreatic parenchymal atrophy is absent and pancreatic stones are impacted in the main pancreatic duct. **Endoscopic treatment is effective for small stones measuring 5 to 6 mm or greater in diameter, floating stones, radiolucent stones, and so on, but if it is possible to focus on these stones in pancreatography using an endoscopic nasal pancreatic duct drainage catheter, extracorporeal shock wave lithotripsy (ESWL) should be performed. (CQ-I-3). ***Stones filling the pancreatic duct and stones that are present only in the tail of the pancreas and likely to be difficult to be cleared by endoscopic treatment should undergo surgery (CQ-III-2).
no reports investigating the association between these complications and the presence of pancreatic stones, except the association between pancreatic endocrine/exocrine insufficiency and the presence of pancreatic stones. 10, 11 According to a report in Japan, severe pancreatic exocrine insufficiency is observed in 50% of patients with pancreatolithiasis and 21.8% of patients with noncalcifying pancreatitis, and diabetes is observed in 77.5% of patients with pancreatolithiasis and 22.4% of patients with noncalcifying pancreatitis. Therefore, pancreatolithiasis can be considered to represent a manifestation of advanced chronic pancreatitis. In general, pancreatic exocrine insufficiency causes maldigestion and malabsorption of lipids, carbohydrates, proteins, trace elements, and fat-soluble vitamins, leading to undernutrition and steatorrhea.
12,13 Pancreatic diabetes due to pancreatic endocrine insufficiency also tends to be characterized by hypoglycemia associated with reduced glucagon secretion 12 and has to be managed with care. In addition, a high proportion of patients with chronic pancreatitis are at an increased risk of developing malignant neoplasms, such as pancreatic cancer. 14, 15 Of the patients with chronic pancreatitis, those with pancreatolithiasis are at an approximately 27-fold higher risk of developing pancreatic cancer than healthy individuals. 16 In particular, pancreatic cancer developing from pancreatitis associated with large stones has been reported even in relatively young patients. 9 Pancreatic stones have been estimated to have developed in 4.5% of patients with pancreatic cancer.
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II. DIAGNOSIS CQ-II-1. Are Blood Tests Useful?
• Blood tests have low diagnostic specificity, but could provide a clue to the diagnosis.
Description
In chronic pancreatitis, pancreatic juice stasis and acute pancreatitis due to pancreatic stones sometimes cause abnormally high pancreatic enzyme levels. However, if the condition of the pancreas is stable, abnormally high pancreatic enzyme levels are not usually observed, except for some cases showing persistently elevated levels associated with concomitant pancreatic pseudocysts and other diseases (eg, neoplastic pancreatic disease). A retrospective study also reported that only 5 patients (5.7%) had abnormally high serum amylase levels, 18 therefore, abnormally high pancreatic enzyme levels are not necessarily useful for the diagnosis of pancreatolithiasis. 18, 19 On the other hand, patients with advanced chronic pancreatitis in the non-compensatory phase often have abnormally low pancreatic enzyme levels. 20 Serum levels of nonspecific amylase, pancreatic amylase, lipase and trypsin have been reported to show diagnostic sensitivities of 16%, 83%, 92%, and 92%, respectively, for the diagnosis of chronic pancreatitis, while the diagnostic specificity for all the enzymes was 100%. 20 Another study reported that trypsin, which can be measured at a higher sensitivity than other pancreatic enzymes, is useful for the diagnosis of pancreatic exocrine insufficiency. Based on the above, abnormally low blood trypsin levels observed in the absence of attacks of abdominal pain may suggest the possibility of severe pancreatic exocrine insufficiency. However, many patients with other diseases (eg, postpancreatic surgery and neoplastic pancreatic disease) develop pancreatic exocrine insufficiency, whereas a fair number patients with pancreatolithiasis may not develop pancreatic exocrine insufficiency. Therefore, abnormally low pancreatic enzyme levels are not necessarily specific for the diagnosis of pancreatolithiasis. However, these blood tests are noninvasive and can be easily performed, and abnormally high or low levels of pancreatic enzymes could be a clue to the diagnosis of chronic pancreatitis. Accordingly, blood tests are one of the diagnostic items included in the 2009 clinical diagnostic criteria for chronic pancreatitis.
Presence of diabetes, type I hyperlipidemia, or hepatic dysfunction may provide a clue to the diagnosis of pancreatolithiasis, 4 but these findings are not specific to pancreatic diseases and blood tests for these diseases also do not have sufficient diagnostic ability.
CQ-II-2. Is Plain Abdominal Radiography Useful?
• Plain abdominal radiography is useful for the diagnosis of calcified pancreatic stones.
Plain abdominal radiography allows easy diagnosis of stones, including diagnosis of the distribution of calcified pancreatic stones and is also used to assess the effects of treatment. Stones are most seen at the level of the 12th thoracic to second lumbar vertebrae, and multiple stones can often be seen as calcifications aligned in an oblique direction (Fig. 2) . Morphologies, such as coarse nodular, fine granular, solitary, and diffuse morphologies, can be roughly assessed. It is sometimes difficult to identify pancreatic stones by plain frontal abdominal radiography alone, and 3-dimensional (frontal and left and right oblique) radiography is useful. 21 However, it is difficult to determine whether the calcifications are present inside or outside the pancreas in some patients. Calcification is seen in 17% to 60.8% of patients with chronic pancreatitis, 22, 23 and 68% of pancreatic stones detectable by computed tomography (CT), which has the highest diagnostic ability for calcification, can be identified by plain abdominal radiography. Accordingly, plain abdominal radiography is a low-cost and useful test for the diagnosis of calcified pancreatic stones.
CQ-II-3. Is Ultrasonography (US) Useful?
• Ultrasonography is useful for the diagnosis of pancreatic stones.
Description
Abdominal US is a simple, minimally invasive examination method causing little pain to the patients, like blood biochemistry In the 2009 clinical diagnostic criteria for chronic pancreatitis proposed by the Japan Pancreas Society, "stones in the pancreatic duct and multiple or diffuse calcifications distributed in the whole pancreas" represent a definitive diagnostic finding of chronic pancreatitis, and hyperechoic images likely to be stones in the pancreas represent a probable diagnostic finding of chronic pancreatitis. Ultrasonographic observation of these stones enables the diagnosis of chronic pancreatitis. Stones, which are visualized as punctate or arch-shaped, variable-sized, hyperechoic images with clear acoustic shadows (AS) on US, may be solitary or multiple (Fig. 3) . Hyperechoic images in the pancreatic parenchyma are included as a probable diagnostic finding in the diagnostic criteria; however, coarse hyperechoic images without AS may not always represent stones, but indicate fibrosis or fatty infiltration, thus necessitating careful observation. Interpretation of US images is affected by abdominal fat and gas, and the entire pancreas cannot be visualized. Pancreatic stones are visualized well in the pancreatic body and most poorly in the pancreatic tail, which itself is poorly visualized. In a prospective study of patients with suspected pancreatic disease, US allowed visualization of pancreatic stones in only 45% of the patients, and was thus, obviously inferior to CT (92%) and endoscopic US (EUS) (100%).
24 Therefore, US is a useful noninvasive method for the diagnosis of pancreatic stones, but has its limitations.
CQ-II-4. Is CT Useful?
• CT has the highest sensitivity for detecting the presence and determining the distribution of pancreatic stones. Multidetector CT (MDCT) allows visualization of the relationship between pancreatic stones and the main pancreatic duct and provides useful information on the feasibility of endoscopic treatment.
On the other hand, it is difficult to diagnose radiolucent pancreatic stones by CT.
Description
The CT has been considered to be the most useful methods for detecting the presence and determining the localization of pancreatic stones. 25, 26 The main component of pancreatic stones is calcium carbonate, and CT has an extremely high diagnostic sensitivity (Fig. 4) . According to reports in published in the 1980s and 1990s, CT had a sensitivity of 74% to 80% and specificity of 84% to 100% for the diagnosis of pancreatic stones. 27, 28 However, recently, with the wide dissemination of MDCT, which yields high temporal and spatial resolution, a high sensitivity of 83% to 100% and specificity of 100% have been reported. 29 In addition, MDCT also shows high sensitivity for visualization of the pancreatic duct 30 and enables detailed observation of the relationship between the pancreatic duct and stones, thereby providing useful information to determine the feasibility of endoscopic treatment, although contrast-enhanced CT is required in order to obtain information on the relationship between the pancreatic duct and stones. Calcification located at the pancreatic margin may represent calcification of the lymph nodes or the splenic artery around the pancreas, and localization diagnosis should be made with caution. In addition, it is difficult to diagnose radiolucent pancreatic stones. 
CQ-II-5. Is Magnetic Resonance Imaging (MRI)/Magnetic Resonance Cholangiopancreatography (MRCP) Useful?
• It is difficult to visualize pancreatic stones by MRI/MRCP, but pancreatic stones can be indirectly diagnosed based on the detection of signal loss on MRCP images of the pancreatic duct.
Description
It is difficult to visualize pancreatic stones per se by MRI/ MRCP, but pancreatic stones can be indirectly diagnosed from areas of signal loss observed in the main pancreatic duct or its branches (Fig. 5) . The MRCP has low spatial resolution and sometimes cannot detect slight changes of the pancreatic duct or allow visualization of stones in the pancreatic duct branches or small stones in the main pancreatic duct, necessitating caution. 31, 32 In addition, it is difficult to differentiate stones from protein plugs (radiolucent pancreatic stones) based on signal loss alone on MRCP images.
31
On the other hand, MRCP is less invasive than endoscopic retrograde cholangiopancreatography (ERCP) and has the great advantage of allowing visualization of abnormalities, such as stricture/ occlusion and dilatation, of the entire main pancreatic duct. [32] [33] [34] Therefore, after detecting the presence of stones by CT, the relationship between the main pancreatic duct and the stones can be objectively examined by MRI/MRCP to determine the precise endoscopic treatment strategy. In addition, besides being a useful diagnostic method for radiolucent pancreatic stones, which cannot be easily detected by CT, MRI/MRCP has also been shown to be useful as a screening method for the diagnosis of pancreatic stones in patients complaining of gastrointestinal symptoms of unidentifiable cause by other tests.
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CQ-II-6. Is ERCP Useful?
• ERCP is particularly useful for the diagnosis of pancreatic stones in the main pancreatic duct and X-ray-negative pancreatic stones.
Description
There have been no comparative or other studies examining the ability of ERCP to diagnose pancreatic stones (Fig. 6) . In clinical practice, pancreatic stones can be diagnosed by relationship between the pancreatic duct and X-ray-positive images. [36] [37] [38] In addition, X-ray-negative pancreatic stones and protein plugs can also be visualized as shadow defects in the main pancreatic duct. The ERCP can diagnose only lesions in the pancreatic duct and merely allow speculation of stones in the pancreatic field based on the area of distribution of the branches. Also, the 2009 clinical diagnostic criteria for chronic pancreatitis proposed by the Japan Pancreas Society include demonstration of pancreatic stones by ERCP as one of the definitive diagnostic criteria. It is important to visualize the relationship between pancreatic stones and the pancreatic duct for determining a treatment plan. If pancreatic stones obstruct the main pancreatic duct, it will be difficult to assess the distal pancreatic duct by ERCP, and other tests will be necessary.
CQ-II-7. Is EUS Useful?
• EUS can accurately diagnose pancreatic stones. However, it depends on the proficiency of the operator.
Description
Endoscopic US can visualize pancreatic stones as hyperechoic images with AS (Fig. 7) . Endoscopic US can show the presence of pancreatic stones in the pancreatic duct more directly than ERCP, and also allows visualization of calcified foci, not only in the main pancreatic duct but also in the pancreatic duct branches and the pancreas. 39 It has been reported that EUS can be useful for assessing the stage of chronic pancreatitis 39 and that, in particular, stones were the most useful independent EUS finding. Both the diagnostic sensitivity and specificity of EUS have been reported to be 85% or higher as compared to ERCP diagnosis based on the Cambridge classification, 38 the gold standard in patients with abdominal pain of unknown cause or suspected chronic pancreatitis who underwent EUS before the scheduled ERCP. 40 On the other hand, the assessment is operatordependent, and a study using video tape recorder showed that the consistency of assessment of pancreatic stones among experts was not high, with a κ coefficient of 0.38, 41 although this is a problem common to EUS diagnosis in any field. According to the 2001 clinical diagnostic criteria for chronic pancreatitis proposed by the Japan Pancreas Society, ultrasonographic diagnosis of pancreatic stones is a definitive diagnostic finding of chronic pancreatitis, and EUS, which has a higher sensitivity than US, is FIGURE 5. MRCP image of a patient with chronic pancreatitis. Translucencies (arrows) can be seen in the main pancreatic duct near the main papilla. In this case, the stones were confirmed by CT, but it was difficult to differentiate between stones and protein plugs by MRCP. considered as an important diagnostic method for obtaining a definitive diagnosis.
III. TREATMENT
CQ-III-1. What Are the Indications for Treatment?
• In principle, patients with stones in the main or accessory pancreatic duct who have persistent pain or recurrent acute attacks of pancreatitis should receive treatment. Pancreatic duct strictures and pseudocysts, if any, should also be treated in addition to pancreatic stone removal.
Description
Pancreatic stones, which develop during the course of chronic pancreatitis, particularly in the compensatory to transition phase, lead to stasis of pancreatic juice and pancreatic ductal hypertension, thereby causing abdominal pain and progression of pancreatitis (see CQ-I-1, 2). Therefore, in patients with persistent pain or recurrent symptoms of pancreatitis (eg, back pain, abdominal pain, diarrhea, and soft stool), stones should be removed to facilitate the outflow of pancreatic juice and thereby alleviate symptoms. Pancreatic duct strictures and pseudocysts, if any, should also be treated in addition to pancreatic stone removal.
Noninvasive stone removal treatments such as ESWL and endoscopic treatment are indicated for patients with pancreatic stones in the main or accessory pancreatic duct. 40, 41 Furthermore, pancreatic duct strictures and pseudocysts, if any, should also be treated to improve the outcome of treatment of pancreatic stones and to prevent recurrence after treatment. [42] [43] [44] [45] According to a multicenter case study in Japan, treatment of pancreatolithiasis was highly effective (91.9-98.5%) in eliminating symptoms, with scarce differences among treatment methods. 42, 44 The efficacy of litholysis and treatments to improve the composition of the pancreatic juice to reduce the likelihood of pancreatic stone formation (oral trimethadione and intrapancreatic duct injection of citrate) has also been reported, in addition to that of stone removal, resolution of pancreatic duct strictures and treatment of pseudocysts are effective 45 ; however, these treatments are not covered by medical insurance. Asymptomatic patients may be kept under observation, but if pancreatic parenchymal atrophy is not observed and pancreatic juice stasis caused by pancreatic stones is suspected, treatment may be given to improve the pancreatic functions. If the patient has complicating bile duct strictures, endoscopic or surgical treatment should be selected considering the type of medical institution.
46-48
CQ-III-2. What Are the Treatments Available? How Should the Best Treatment Option Be Selected?
• Treatments for pancreatolithiasis include medical treatment (ESWL and endoscopic treatment) and surgical treatment (pancreatic duct drainage and pancreatectomy).
• Low-invasiveness should be considered first for treatment selection, but the cost-effectiveness, long-term pain relief rate and reoperation rate should also be taken into account.
• The use of ESWL and endoscopic treatment should be considered first for patients with pancreatolithiasis who need treatment, but surgical treatment may be indicated in some patients from the outset.
Description
Treatments for pancreatolithiasis can be divided into surgical and medical treatments. Medical treatments include endoscopic treatment and ESWL, and surgical treatments include pancreatic duct drainage and pancreatectomy. Total pancreatectomy plus pancreatic islet autotransplantation is sometimes performed in western countries, but has rarely been performed in Japan.
One retrospective study 49 and 3 randomized controlled trials (RCTs) 50-52 have compared endoscopic and surgical treatments for pancreatolithiasis. According to these studies, the short-term incidence of complications, length of hospital stay, and so on, after endoscopic treatment were equivalent to or better than those after surgical treatment, whereas the long-term pain relief rate and reoperation rate were significantly more favorable after surgical treatment. A study of 140 patients with pancreatic duct strictures, 76 of whom underwent surgical treatment (resection in 61 patients and pancreatic duct drainage in 15 patients), and the remaining 64 of whom underwent endoscopic treatment (papillotomy alone in 31 patients and pancreatic duct stenting in 33 patients) reported that the 5-year complete pain relief rate was significantly higher after surgical treatment (37% vs 14%). 50 A study of 39 patients with symptomatic chronic pancreatitis with pancreatic duct strictures but no inflammatory mass, of whom 19 were randomized to endoscopic treatment (including 18 with pancreatic stones and 16 who concurrently underwent ESWL) and 20 to surgical treatment (pancreatic duct-jejunum side-to-side anastomosis in 18 patients, Frey operation in 1 patient, and pancreaticoduodenectomy in 1 patient) showed that the outcome measures, including the 2-year complete pain relief rate (75% vs 32%), were significantly better in the group assigned to surgical treatment. 51 A study of the same patients 5 years later reported that the pain relief rate was significantly better in the surgical treatment group (80% vs 38%) and that 47% of patients in the endoscopic treatment group had undergone additional surgical treatment during the intervening 5 years.
52
In a questionnaire survey of 899 patients in Japan (survey period: 2001 to 2005), the symptom relief rate was as high as 98.5% in 133 patients who had undergone surgical treatment, although the incidence of early complications (eg, anastomotic insufficiency, pseudocyst formation and intraperitoneal bleeding) was also higher in this group (13.5%) than in the endoscopic treatment and ESWL groups. 42 Overseas cohort studies and RCTs of surgical treatment have reported an incidence rate of early complications of 8% to 35%, operative mortality rate of 0% to 3.6%, and pain relief rate during an observation period of 2 to 14 years of 55% to 75%. [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] Studies comparing pancreatic duct drainage and pancreatectomy have reported a higher pain-relieving effect of pancreatic duct drainage. 58, 62 The 2009 Clinical Practice Guidelines for Chronic Pancreatitis describes a complication rate of 8% to 36% and mortality rate of 0% to 7% for pancreatic duct drainage, with corresponding rates of 10% to 32% and 0% to 4.8% for pancreatectomy.
For treatment selection, the use of minimally invasive treatments should be considered first, but the cost-effectiveness, longterm pain relief rate and reoperation rate should also be taken into account. The use of endoscopic treatment and ESWL should be considered first for patients with pancreatolithiasis in whom treatment is indicated, such as those with persistent pain, but it may be better to undertake surgical treatment at the outset in some patients considering the results of comparative studies, and it is important to identify patients who are ineligible for endoscopic treatment before the start of treatment. Surgical treatment is indicated in patients who are unresponsive to or ineligible for endoscopic treatment and ESWL. Ineligible patients include those with stones filling the pancreatic duct and those with complicating pancreatic duct strictures, pancreatic pseudocysts, internal pancreatic fistulas, or pleural effusion and ascites. In regard to selection of the surgical procedure, pancreatic duct drainage should be considered.
CQ-III-3-A. What Are the Indications for ESWL?
• ESWL of pancreatic stones is indicated in chronic pancreatitis patients with stones in the main or accessory pancreatic duct complaining of abdominal pain.
• ESWL is contraindicated in pregnant women, patients with abdominal aortic aneurysm, those with a marked bleeding tendency, and those with an implanted cardiac pacemaker.
Description
The ESWL of pancreatic stones is indicated in chronic pancreatitis patients with stones in the main or accessory pancreatic duct complaining of abdominal pain. [63] [64] [65] [66] The ESWL is often performed in patients with residual pancreatic endocrine and exocrine functions in whom US or CT reveals no marked pancreatic parenchymal atrophy, but it is also undertaken in asymptomatic patients in whom preservation of pancreatic function can be expected by removal of the pancreatic stone. 44, 64, 65 The ESWL is definitely indicated for pancreatic stones in the head and body of the pancreas, but it can also be performed for stones that are diffusely present from the pancreatic head to the tail. Patients with giant stones or multiple stones may require a greater number of treatments; however, additional use of endoscopic treatment may enable reduction of the treatment period. Additional use of appropriate endoscopic treatment is needed in patients with a severe stricture of the main pancreatic duct on the papillary side of the stones, because ESWL alone may leave residual fragments. 44, 65 However, endoscopic treatment may be difficult in patients with a severe stricture or tortuosity of the pancreatic duct, and it is necessary from the outset to carefully consider treatment strategies, including surgical treatment, after taking possible incidental events and the treatment period into account.
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On the other hand, ESWL is contraindicated in pregnant women, patients with abdominal aortic aneurysm, those with a marked bleeding tendency, and those with implanted cardiac pacemakers. 42, 44, [63] [64] [65] [66] CQ-III-3-B. How to Perform ESWL?
• Lithotripsy should be performed sequentially from the side of the pancreatic head, with the goal of reducing the fragment size to 3 mm or less.
• If stones do not disappear by lithotripsy or if stone clearance is prolonged, endoscopic treatments, such as endoscopic pancreatic sphincterotomy (EPST), pancreatic duct stenting or balloon dilation of stricture of the pancreatic duct should be performed.
• Sedatives or analgesics, such as pentazocine and diazepam, should be used for the pain caused by the shock waves).
Description
For actual treatment, a treatment plan should be developed using plain abdominal radiography, US, CT, MRCP, ERCP), and so on. It is necessary to check the condition of the stone(s) in the main pancreatic duct, the presence or absence of pancreatic duct strictures, and so on, in advance, by pancreatography.
There are 3 systems used to generate ESWL shock waves: electromagnetic conversion, underwater spark, and piezo systems. It has been reported that use of the piezo system was associated with a lower stone fragmentation effect than the other systems, and that the stone clearance effect in patients treated by ESWL alone was higher with the electromagnetic system than with the underwater spark system. 42 Shock waves can be focused by US or X-ray, although technically, X-ray focusing is easier because of the lesser influence of gas in the gastrointestinal tract. It has also been reported that in patients with radiolucent and small stones, an endoscopic nasal pancreatic duct drainage catheter or a balloon catheter should be placed to perform pancreatographyguided lithotripsy. 64, 65 In ESWL, lithotripsy from the side of the pancreatic head is considered to reduce the risk of acute pancreatitis due to impaction of fragments, which is one of the early incidental events. In each session, 2000 to 4000 shock waves are administered for 30 to 40 minutes, and 1 or 2 sessions are given weekly. Five to 6 sessions are required in many cases, 44, 65 (Fig. 8) . Analgesics or sedatives, such as pentazocine and diazepam, should be used for managing the pain caused by the shock waves. It is desirable to collect blood samples 2 hours after the procedure or the following morning and to measure the serum amylase levels, considering the possible development of acute pancreatitis. Although it has been reported that endoscopic procedures, such as EPST, are not necessarily required before lithotripsy treatment. 44, 63, 65 The ESWL must be performed at facilities, where endoscopic treatments, such as EPST and pancreatic duct stenting can be performed to manage acute pancreatitis due to the impaction of fragments and to remove residual stones.
63-65
The therapeutic effect should be evaluated by plain abdominal radiography immediately after ESWL or on the following day, with the goal of reducing the fragment size to 3 mm or less. 44, 65 If the stones do not disappear after lithotripsy or if stone clearance is prolonged, endoscopic treatments, such as EPST, pancreatic duct stenting or balloon dilation of the strictured pancreatic duct should be performed to remove residual stones. 42, 44, 65 It has recently been reported that transvenous injection of secretin during ESWL facilitates the removal of fragments 67 and that endoscopic treatment at least 2 days after ESWL can also efficiently remove the fragments.
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CQ-III-3-C. What Are Outcomes of ESWL?
• Combination treatment with ESWL plus endoscopy is extremely effective for abdominal pain in patients with pancreatolithiasis over the short term.
• Combination treatment with ESWL plus endoscopy may also be effective for abdominal pain in patients with pancreatolithiasis over the long term.
• Combination treatment with ESWL plus endoscopy may be effective for preserving the pancreatic exocrine function in patients with pancreatolithiasis.
• There is insufficient evidence to suggest that combined treatment with ESWL plus endoscopy is effective for preserving the pancreatic endocrine function in patients with pancreatolithiasis.
Description
Many studies have reported that ESWL has a good stone fragmentation effect (80% to 100%. 44, [63] [64] [65] [66] 69 In addition, it has been reported that ESWL monotherapy led to spontaneous expulsion of the stone fragments in 49.4% to 81.8% of patients. 42, 65, 69 Patients in whom it is difficult to clear stones by ESWL alone need additional endoscopic treatments, such as EPST, lithotripsy with a basket catheter, pancreatic duct stenting, or endoscopic pancreatic duct balloon dilation. 42, 44, 65, 69 Additional use of these endoscopic treatments has been reported to yield good results, with complete stone clearance rates of 76% to 100%.
Many studies have investigated the effect of ESWL on abdominal pain in patients with pancreatolithiasis, including those who underwent additional endoscopic treatment, and reported that ESWL was very effective (effective in 78% to 100% of patients on a short-term basis). 42, 44, [63] [64] [65] [66] [69] [70] [71] [72] [73] A metaanalysis using 17 published papers also revealed its efficacy.
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In general, the use of endoscopic treatment in addition to ESWL is considered to improve the clinical effect. However, a recent randomized controlled study of ESWL alone versus concurrent ESWL plus endoscopic treatment reported almost similar outcomes between these 2 groups, showing the absence FIGURE 8. ERCP images of a patient with chronic pancreatitis. A, ERP before ESWL shows 4 stones in the main pancreatic duct (arrows). B, ERP before ESWL reveals a severe stricture of the lower common bile duct (arrow). C, ERP after ESWL (8 sessions, 14122 shock waves) shows the stones in the main pancreatic duct disappeared and the dilation of the main pancreatic duct improved. D, ERP after ESWL shows the common bile duct stricture improved (arrow).
of any add-on effect of current endoscopic treatment/stent therapy over ESWL alone, and further studies to clarify this issue are needed in the future.
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The stone recurrence rate on long-term follow-up after ESWL has been reported to be relatively high (20% to 30%). 44, 69 Patients with strictures of the main pancreatic duct tend to have a higher stone recurrence rate and a shorter interval to recurrence than those without strictures. 44 In addition, the usefulness of pancreatic duct stenting with the aim of preventing stone recurrence after stone clearance by ESWL has not been definitively demonstrated to date. 75, 76 Regarding the effect of ESWL on clinical symptoms over the long term, 1 report has indicated that although the symptoms improved in 79% of patients during a mean observation period of 40 months, there was no difference in the abdominal pain relief rate between the cases with successful and unsuccessful treatment; thus, it is yet to be definitively demonstrated that treatment with ESWL and endoscopy is effective for improving abdominal pain in patients with pancreatolithiasis. 77 However, according to a multicenter study including the largest number (1018) of patients to date, ESWL was effective in relieving abdominal pain in 65% of patients during an observation period of 2 to 12 years (mean, 4.9 years), and patients in whom the stone removal treatment was successful also tended to be relieved of their symptoms more often.
78 Also, in a study with the longest follow-up period to date (mean, 14.4 years), clinical symptoms improved in approximately two-thirds of patients, and the number of hospitalizations was significantly reduced.
79 Studies with relatively long follow-up periods 42, 44, 65, 76, 79 have suggested that combined ESWL plus endoscopic treatment had a relatively good abdominal pain-relieving or -reducing effect in selected patients with pancreatolithiasis over the long term.
Various studies have also been conducted on the effect of ESWL of pancreatic stones on the pancreatic endocrine and exocrine functions. Although improvement of the pancreatic exocrine function as assessed by the BT-PABA test has been reported in 60% to 77% of patients after ESWL, 44, 65, 80 1 report has also indicated the absence of any significant improvement of the exocrine function after treatment. 81 In regard to the endocrine function, according to 1 report, the pancreatic endocrine function improved after ESWL in 3 (50%) of 6 patients with complicating diabetes, 81 whereas several other studies have reported no obvious improvement of the glucose tolerance or insulin secretion capacity after ESWL.
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CQ-III-3-D. What Are Incidental Events Associated With ESWL?
• Pancreatic stones can be relatively safely treated by ESWL.
Description
A basic study has shown that the shock waves in ESWL cause almost no direct histologic damage to pancreatic tissue.
83
The incidence of incidental events associated with ESWL treatment of pancreatic stones, including acute pancreatitis, hemorrhage into the pancreatic pseudocyst, acute cholangitis, hematuria, hepatic or renal subcapsular hematoma, headache and low back pain has been reported to be 3% to 18%. 43, 81, [84] [85] [86] A multicenter questionnaire survey in Japan reported that 35 (6.3%) of 555 patients who underwent ESWL had incidental events, and that acute pancreatitis was the most common incidental event, observed in 30 patients (5.4%). 44 The survey also reported that 3 patients had jaundice likely to be caused by impaction of pancreatic stones, and that 1 patient developed acute cholangitis due to impaction of pancreatic stones followed by disseminated intravascular coagulation, resulting in death. According to another report, 1 (3%) of 31 patients who underwent ESWL developed hepatic subcapsular hematoma, which healed with conservative treatment. 43 One study reported that 1 (6%) of 18 patients complained of both headache and low back pain following ESWL.
81 Pancreatic stones can be treated relatively safely by ESWL while bearing in mind the risk of the above-mentioned incidental events.
CQ-III-4-A. What Are Indications for Endoscopic Treatment?
• Endoscopic treatment of pancreatic stones is indicated in chronic pancreatitis patients with stones in the main or accessory pancreatic duct complaining of abdominal pain.
Description
It is desirable for endoscopic treatment to be undertaken by practitioners with sufficient experience in endoscopic treatments, due to the high degree of skill required for the procedures.
Endoscopic treatment of pancreatic stones is indicated in chronic pancreatitis patients with stones in the main or accessory pancreatic duct complaining of abdominal pain. It is important for successful treatment that the pancreatic stones are not large or impacted. Stones with a diameter of 5 to 6 mm or less can be removed with a basket catheter without sphincterotomy, but larger stones should be removed with a basket catheter after endoscopic incision of the main or accessory papilla. Favorable conditions for endoscopic stone removal are: (1) 3 or less stones; (2) stones confined to the head and/or body of the pancreas; (3) stone diameter, 10 mm; (4) absence of stricture on the papillary side; and (5) absence of impacted stones. 87 In actual practice, endoscopic treatment is often undertaken as adjunctive therapy after fragmentation of pancreatic stones by ESWL(99). It is necessary to additionally undertake endoscopic pancreatic duct balloon dilation, etc., in patients with severe stricture of the main pancreatic duct on the papillary side of the stones, because ESWL alone may leave residual fragments.
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CQ-III-4-B. How to Perform Endoscopic Treatment?
• Endoscopic treatments include EPST, endoscopic pancreatic stone removal, and endoscopic pancreatic duct stenting.
Description (A) EPST
In patients with chronic pancreatitis, the main papilla is fibrotic due to chronic inflammation, and EPST should be performed in cases where the main pancreatic duct is dilated or when pancreatic stones are removed with a basket catheter. Removal of pancreatic stones after EPST was reported in 1985 88 : in 1 method, a papillotome is selectively inserted in the pancreatic duct after conventional endoscopic sphincterotomy and an incision is made with a high-frequency knife; in another, the pancreatic duct orifice is directly incised (Fig. 9) . Incision should not be made outside the papillary orifice protrusion, to prevent perforation (Fig. 9 ). An incision allows better outflow of pancreatic juice, enabling the insertion of a device for removing the pancreatic stones and also allows expulsion of stones fragmented into small pieces by ESWL. When it is difficult to perform EPST because of the shape or strictures of the main pancreatic duct, endoscopic minor papilla sphincterotomy was selected to remove pancreatic stones. The procedures of endoscopic minor papilla sphincterotomy are similar to EPST (Fig. 10). (B) Endoscopic pancreatic stone removal Stone removal by EPST alone is indicated only for small stones with a diameter of 5 to 6 mm or less. However, with the dissemination of ESWL, EPST has come to be used often as adjunctive therapy to remove fragments. Pancreatic lithotripsy using a basket catheter for bile duct lithotripsy frequently causes incidental events, such as basket fracture, 89 and lithotripsy should be performed preferentially by ESWL. If there is a stricture on the papilla side, stones may be removed with a basket catheter after dilating the stricture with a dilator or balloon catheter (Fig. 11 ). There are also special methods, including pancreatoscopic laser lithotripsy. 90 In addition, there is a method in which an electrohydraulic lithotripter is inserted into a balloon catheter to impacted pancreatic stones, 91 and pancreatoscopy-guided electrohydraulic lithotripter can also be performed.
(C) Endoscopic pancreatic duct stenting
Patients with pancreatolithiasis often have the complication of pancreatic duct stricture, and stent treatment for pancreatic duct strictures was first reported in 1985.
88 A 5 to 10 Fr plastic stent is advanced along a guidewire inserted into the tail side of the stricture (Fig. 12) . Long-term stent placement is associated with a high frequency of resolution of pancreatic duct strictures and pain relief. In addition, treatment of pancreatic duct strictures by pancreatic duct stenting after stone removal also alleviates abdominal symptoms. 79 For severe pancreatic duct strictures, a stent should be placed after dilating the stricture with a dilatation catheter, balloon catheter, Soehendra stent retriever, and so on. Pancreatic duct stents should be regularly replaced every 4 weeks to 3 months.
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CQ-III-4-C. What Are Outcomes of Endoscopic Treatment?
• The complete stone clearance rate of concurrent ESWL plus endoscopic treatment is approximately 70%.
Description
In a multicenter study of 555 patients, the complete stone clearance rate was 72.6%, and the symptom improvement rate in symptomatic patients was 91.9%. 44 In a multicenter study of 899 patients from 2001 to 2005, 27.8%, 22.5%, and 8.1% of patients underwent concurrent ESWL and endoscopic treatment, ESWL alone, and endoscopic treatment alone, respectively.
42
Patients who underwent endoscopic treatment alone had a stone clearance rate of 87.5% and symptom relief rate of 98.4%, although the stone size was 10 mm or less in many cases. Patients who underwent ESWL had a stone clearance rate of 74.9% and symptom relief rate of 91.9%, possibly because large stones and multiple stones were treated. Also, in a single-center study of more than 1000 patients, the complete stone clearance rate was 76%.
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Recurrence is observed during long-term follow-up both in patients treated by endoscopic procedures and in patients treated by ESWL. In a multicenter study carried out between 2001 and 2005, the recurrence rate after endoscopic treatment (9/73, 12.3%) was lower than that after concurrent endoscopic treatment FIGURE 9. Endoscopic images during EPST. Left: the duodenal papilla from which a guidewire was inserted into the pancreatic duct. Right: after EPST, a guidewire inserted into the pancreatic duct orifice is observed. plus ESWL (105/474, 22.2%), but higher than that after surgical treatment (2/133, 1.5%). 42 In addition, the incidence of multiple recurrences was higher after ESWL than after endoscopic or surgical treatment. Stone recurrence occurred within 3 years in 88 (83.8%) of 105 patients who had been treated by ESWL and in all (9/9) patients who had received endoscopic treatment. Recurrence of abdominal pain was more common after ESWL than after endoscopic or surgical treatment.
In patients with alcoholic pancreatitis, abstinence is the most important factor influencing the likelihood of stone recurrence, whereas another important factor is the presence/absence of strictures in the main pancreatic duct. It was reported that the recurrence rate was 19% (4/21) in patients without main pancreatic duct strictures, while it was as high as 42% (5/12) in patients with strictures. 95 Likewise, it was reported that the recurrence rates were 10% (5/52) and 46% (13/28) in patients without and with main pancreatic duct strictures, respectively, and that patients with strictures tended to have early recurrence. 80 In patients with main pancreatic duct strictures, stone recurrence occurs earlier and at a higher frequency, and pancreatic duct stenting, 79 and balloon dilatation 96 have been attempted to prevent recurrence, but further studies are required to determine the effect of these procedures in preventing recurrence. In addition, the recurrence rate was reported to be significantly higher in patients younger than 65 years (14/49, 29%) than in those aged 65 years or older (0/13, 0%), 80 and careful follow-up is needed in younger patients.
CQ-III-4-D. Incidental Events Associated With Endoscopic Treatment
• Major incidental events after endoscopic treatment include acute pancreatitis, acute cholecystitis, acute cholangitis, and bleeding.
Description
Incidental events after endoscopic treatment, including acute pancreatitis, cholecystitis, pancreatic pseudocyst, cholangitis, and bleeding were observed in 9.6% of patients. 42 In addition, basket impaction and other incidental events at stone removal have also been reported. 44 Seven (9.6%) of 73 patients were reported to have early complications after endoscopic treatment alone: acute pancreatitis in 3.3% and basket impaction in 2.2%. On the other hand, according to 1 report, the incidence of incidental events was lower in patients who underwent EPST before ESWL than in those who did not.
Clip forceps, microwave coagulation ablation, local instillation, and other treatments have been used for bleeding associated with EPST, like for bleeding associated with endoscopic sphincterotomy (Fig. 13 ). In addition, endoscopic pancreatic ductal drainage has been used to manage obstructive pancreatic ductitis and pancreatic abscess associated with pancreatic stone treatment.
